A study was conducted to investigate the effect of adding a commercial multienzyme feed additive (Tomoko, Biogenkoji Research Institute, Japan) on the performance of broilers. Four isoenergetic and isontirogenous diets consisting of control diet without enzyme (Con) and three test diets supplemented with Tomoko at 250 (T250), 500 (T500) and 750 (T750) g/tonne of feed were used for starter, grower and finisher phases. Each diet was offered to 10 replicates of 40 one-day-old straight-run Lohmann broiler chicks (n = 1600) in a randomized complete block design (10 blocks of 4 diets each). Data was analyzed using mixed procedure of SAS (repeated measures analysis) for a randomized complete block design, with level of significance set at p = 0.05. Enzyme used in the study was authenticated by the supplier to have minimum level of acidic protease (10,000 U/g), alpha-amylase (40 U/g), pectinase (30 U/g), phytase (10 U/g), glucoamylase (5 U/g) and cellulase (4 U/g). Enzyme supplementation had no significant effect on Feed Intake (FI) at 21 d, while at 42 d birds fed T250 and Con diets significantly consumed more feed than T500 and/or T750. No significant differences were observed for Feed Conversion Ratio (FCR). Body Weight (BW) and Body Weight Gain (BWG) were significantly higher (p<0.05) for birds fed Con diet at 42 d. Carcass characteristics showed no significant effects on whole carcass weight and/or dressing percent and weight and percent of breast, thighs and wings. Enzyme supplemented diets significantly (p<0.05) increased liver percent in contrast to Con diet, while no significant differences were reported for heart, gizzard and abdominal fat pad. The addition of enzyme did not significantly impact meat quality traits (pH, cooking loss, water holding capacity, shear force and colour attributes). Chemical analysis showed significantly (p<0.05) higher Dry Matter (DM) and ash percent for breast meat and significantly (p<0.05) higher DM, ash and Crude Protein (CP) percent for thigh meat, in birds fed Con diet. In conclusion, enzyme supplementation elicited few responses in birds when supplemented at three levels in contrast to a normal corn-soybean diet.
INTRODUCTION
Enzyme use is well documented across different types of poultry diets. The possibility of using exogenous enzymes in non-ruminant diets has provided nutritionists with a very important tool to improve feed digestibility, reduce environmental contamination and lower feed cost, thus, allowing for more flexibility in diet formulation. This is reflected in better flock performance, better litter quality and improved bird health, which in turn, has a positive influence on total production costs (Saleh et al., 2005; Cowieson and Ravindran, 2008a,b) . Many commercial enzymes have been reported to be effective when added to poultry diets containing large amounts of Non-Starch Polysaccharides (NSP) such as wheat, barley sorghum, peas and lupins, due to well digestion of soluble and insoluble NSP (Hughes et al., 2000; Meng et al., 2005; Saleh et al., 2005; Wang et al., 2008; Selle et al., 2010) . Different trials have given inconclusive results with several enzymes having significant effects (Ritz et al., 1995 : Ghazi et al., 2003 Jiang et al., 2008; Liu et al., 2008; Wang et al., 2008) , while others have shown a trend towards improvement (Bedford, 2000) . However, there is a substantial body of evidence to the use of these enzymes when diets are formulated using corn and soybean meal, which make up the majority of the energy and protein components of poultry diets (Wyatt et al., 1997; Zanella et al., 1999; Café et al., 2002; Jiang et al., 2008; Cowieson and Ravindran, 2008a) , although of the perception that corn is of a high and consistent nutritional value, therefore, may not benefit from the addition of enzymes to the same extent as diets based on viscous grains. The responsiveness of corn-based diets to exogenous enzymes has received considerable attention in recent years due to increasing pressure on feed formulators from rising ingredient prices Int. J. Poult. Sci., 9 (2): 126-133, 2010 Lohmann Tierzucht GmBH, Am Seedeich 9-11, 27472 Cuxhaven, Germany 1 Biogenkoji Research Institute, 876-15, Mizobe, Kagoshima, Japan 2 127 (Cowieson and Ravindran, 2008a) . Many different trials pens according to body weight uniformity such that the have shown that commercial enzymes have a positive average initial BW of birds was similar across pens. effect on the growth of broilers fed on corn-soybean diets (Wyatt et al., 1997; Zanella et al., 1999; Birds and housing: Lohmann chicks, obtained from a 2007; Jiang et al., 2008) however; these trials often local hatchery were reared from one-day-old o n examined one type of enzyme in isolation. Under certain experimental diets and were allowed ad libitum access economic conditions, nutritionists are tempted t o to feed and water. All diets were fed in mash form incorporate in their diets more than one type of enzymes, throughout the 6-wk experimental period. Pens had a assuming that the independent enzyme effects may be daily lighting regimen of 22 h of light and 2 h of dark. additive in their effect (Meng et al., 2005: Cowieson and Room temperature was maintained at 35 C during the Ravindran, 2008a,b) . first week and reduced by 2 C per week thereafter, until Different kinds of interactions can occur between various maintained at 21 C. Birds were reared in an open-sided supplemental enzymes. Carbohydrates, for example, house on floor pens (2.5 x 1.85 m) and wood shavings may require the use of enzymes with diverse activities were used as litter at a depth of 5 cm. All birds used in that are able to target different sugar components of this trial were handled according to guidelines set forth feedstuffs used in a poultry diet. When an enzyme by the Jordanian Society for the Protection of Animals. cocktail containing several activities is used in a broiler diet, it is more likely to have greater effect than when Diets: The experimental diets were formulated i n enzymes are added separately. It has been reported that accordance with recommendations of the breeder's supplementation of poultry diets with enzymes mixture manual and to meet National Research Council (1994) including protease and amylase produced significant requirements of broilers. The diets were standard improvement in growth performance in broilers corn/soybean meal diets formulated for starter (0-21 d), (Odetellah et al., 2003; Gracia et al., 2003) .
grower (22-35 d) and finisher (36-42 d) periods and Tomoko is a feed additive produced by fermentation were isocaloric and iso-ntirogenous for each feeding using Koji-feed ( Aspergillus awamori) produced from phase as given in Table 1 . wheat bran and distillery by-product from rice, sweet Tomoko enzyme was supplemented to the control diets potato, or barley and has growth promoting activity. It at three levels (250, 500 and 750 g/tonne of feed) to contains many valuable enzymes such as phytase, make up diets 2, 3 and 4. This enzyme is a natural multiglucoamylase, alpha-glucosidase, alpha-amylase, enzyme feed additive (Biogenkoji Research Institute ) cellulase and acidic protease (Yamamoto et al., 2007;  produced by fermentation using Aspergillus awamori Saleh et al., 2006) . The practical application followed in containing a minimum of 10,000 units of acidic this trial is called "over the top" which aims to improve protease/g, 40 units of alpha-amylase/g, 30 units o f performance more economically and consists o f pectinase/g, 10 units of phytase/g, 5 units o f supplementing a standard diet with enzymes, without glucoamylase/g and 4 units of cellulase/g (enzyme changing its nutritional levels (Costa et al., 2008) . activity determined by manufacturer). Therefore, the objective of this study was to investigate the effect of an exogenous commercial enzyme cocktail composed of alpha amylase, pectinase, protease, glucoamylase and cellulase on the performance, nutrient utilization, carcass yield and meat quality of broiler chicks fed a regular corn/soybean-based diet.
MATERIALS AND METHODS
Experimental design: Four dietary treatments consisting of control (Con) and three test diets supplemented with Tomoko enzyme at 250 (T250), 500 (T500) and 750 ® (T750) g/tonne of feed were fed to straight-run broilers during a 42 d trial . Each dietary treatment was randomly allotted to 10 replicates of one-day-old Lohmann broiler 1 chicks for a total of 40 replicate floor pens (40 chicks per pen). The experimental design was a randomized complete block design with 4 floor pens representing a block for a total of 10 blocks. Birds were weighed prior to commencement trial and randomly assigned to replicate Sample preparation: At the end of 42 d trial, 40 birds from each treatment were randomly selected, weighed, and fasted for 10 h prior to slaughter. Slaughtered birds were scalded, feathers mechanically plucked in a rotary drum picker and eviscerated. Feet, shanks, neck and head were removed and carcasses were immediately weighed to obtain post-slaughter hot carcass weight without giblets. Giblets are the total yield of liver, heart, and gizzard which were removed and weighed i n addition to fat pad relative to body weight. Carcasses were refrigerated for 24 h at 2-3 C and thereafter, o carcasses were weighed again to obtain cold carcass weight as a % of live-weight to determine dressing %. Carcasses were then dissected into different commercial parts (breast, thighs and wings) t o determine part yield. Each part was weighed separately, put in sealed plastic and stored at -20 C for further o chemical analysis. Cuts were related to the carcass weight and expressed in percentage. Meat samples were minced to a finely divided homogenous paste by passing them three times through a grinder fitted with a fine screen. Proximate analysis was performed for feed and meat samples of breast and thighs. They were analyzed for dry matter by oven drying, ash by muffle furnace, crude protein by Kjeldahl method and ether extract by Soxhlet fat analysis. All analyses were conducted according to AOAC (2000) .
pH and color measurements:
The pH values were determined by using the iodoacetate method a s described by Jeacocke (1977) and Sams and Janky (1986) . One to 1.5 g of raw muscles were put into plastic test tube containing 10 ml of neutralized 5 m M iodoacetatereagent and 150 mM KCL and homogenized using homogenizer (Ultra-Turrax) T8, IKA Labortechnik, Janke & Kunkal GmbH & Co., Germany). Before recording the pH, values of the solutions on a pH meter (pH spear, model 35634-40, Eurotech Instruments, Malaysia). The pH was measured at three points on the cranial area of the pectoral superficial muscle (Major Pectoralis) at about 5 cm from the sternum line. Color measurements were taken on the same area as pH for each sample using a colorimeter (12 MM Aperture U 59730-30, Cole-Parameter International Inc, Pittsford, NY, USA). Three measurements were taken at each point on the medial portion of the pectoralis muscle. Colors for each sample was expressed in terms o f values for lightness (L*), redness (a*) and yellowness (b*) of the meat.
Water holding capacity: Water Holding Capacity (WHC) was measured using the method described by Grau and Hamm (1953) and modified by Safiudo et al. (1986) , using a sample of an initial weight of 5 g of raw meat (1 sample per replication). Each sample was cut into smaller pieces and covered with two filter papers (qualitative, 185 mm circles, fine crystalline retention) and two thin plates of quartz material, then pressed with weight of 2500 gm for 5 min. The meat samples were then removed from filter paper and their weight was recorded (final weight). WHC was calculated as the difference between initial and final weight divided by initial sample weight and expressed as a percentage.
Cooking loss and shear force measurements: Meat samples of about 250 g were weighed and put in well sealed bags without air in a freezer at -20 C. Breasts o were then thawed from freezer, taken out of plastic bags to determine loss in weight. The breasts were put individually in sealed plastic bags, cooked i n thermostatically controlled water bath at 85 C for 25 min o to achieve the maximum internal temperature of 80 C.
o Samples then were removed and put under running cold water to cool down for 45 min, then well dried and microorganism used, or methods in preparing the weighed to determine cooking loss. Cooking loss was supplement (El-Husseiny et al., 2008) . Feed intake reported as weight lost during cooking divided by fresh decrement by enzyme addition might be attributed to sample weight and expressed as percentage. The birds fulfilling their nutrient requirement by taking less cooked pieces of meat were cut to obtain 6 cores (20 x amount of feed due to changes in the digestibility of 13 x 13 mm) on each breast sample (6-8 carrots) using energy and amino acids rather than improved digestible cylindrical metal that measures 1.25 cm in diameter to nutrient intake. The lack of response might also b e determine shear force of meat according to Bratcher et attributed to the possibility that the diets fed were al. (2005) 
RESULTS AND DISCUSSION
Bird performance: The effects of different concentrations of the exogenous enzyme (Tomoko) in diet on performance of broiler at different ages are presented in Table 2 . Enzyme addition did not show any significant effect at 21 days of age, while there was a significant (p<0.05) effect at 42 days due to improvement in digestibility since the gastrointestinal tract of 21-d-old broilers is not fully developed to digest and ability of birds' to extract nutrients may be limited (Gracia et al., 2003) . As birds age, their digestive ability increases, as does t he microbial population and the effect o f exogenous enzymes is more evident and is mediated through the microfloral route (Bedford, 2000) . Growth rate decreased significantly (p<0.05) with the addition of different levels of enzymes. While feed intake was the highest with the lowest enzyme concentration (T250) and as the concentration of enzyme increased to (T750), feed intake decreased significantly (p<0.05) compared to the control and T250 group. This i s congruent with previous findings (Richter et al., 1995; Manickam et al., 1994; Ranade and Rajmane, 1992; Samarasinghe et al., 2000; Douglas et al., 2000; Kocher et al., 2002) and in disagreement with others (Ritz et al., 1995; Kocher et al., 2003; Gracia et al., 2003; Olukosi et al., 2007; Cowieson and Ravindran, 2008a,b) . The inconsistency between results might be due t o differences in microbial species, or strains of cocktail was not capable of modifying the gastrointestinal environment to improve efficiency of feed utilization. Performance was not affected by enzyme supplementation, which is in agreement with Douglas et al. (2000) , who reported no corresponding production improvements with Avizyme 1502. Production improvements depend on the specific enzyme preparation and mixture (Pack et al., 1998; Vieira et al., 2006) . Some sort of toxicity can occur due to the influence of substances released after enzymes action (Vieira et al., 2006) . No apparent effects were detected and n o detrimental responses have been noted, consistent with Gilbert et al. (2000) .
Carcass characteristics:
The meat yield characteristics of different diets with and without enzymes are presented in Table 3 and 4. Similar yields for the carcass and its different parts such as deboned breast, thighs and wings were noted between the control and the different enzyme concentration groups (Table 3) and are in agreement with (Mohamad and Hamza, 1991; Vranjes and Wenk, 1995; Saleh et al., 2004 Saleh et al., , 2005 Café et al., 2002) who reported no apparent effects o n carcass yields when enzymes were added. The liver percent to the whole carcass decreased significantly (p<0.05) in the control diet compared to the other two enzyme concentrations (T250 and T500), but not with the higher concentration of the enzyme (T750) ( Table 4) . No significant effect was shown on the percent of heart, Table 2 : Production parameters-feed intake, body weight, body weight gain and feed conversion ratio Feed conversion ratio Production Feed intake (g) Body weight (g) Body weight gain (g/bird) (g feed: g weight gain) a-b DP: dressing %. Diets: Con, control, T250: Tomoko enzyme at a rate of 250 g/tonne, T500: Tomoko enzyme at 500 g/tonne, 1 2 T750: Tomoko enzyme at 750 g/tonne Table 4 : Organ weight and percent-liver, heart and gizzard Diets: Con, control, T250: Tomoko enzyme at a rate of 250 g/tonne, T500: Tomoko enzyme at 500 g/tonne, 2 T750: Tomoko enzyme at 750 g/tonne gizzard and abdominal fat pad, which suggests that (EE) indicated significant effects (p<0.05) on some there was no response to increase calorie-protein ratio analyses as shown in Table 6 . Dry matter of breast was when enzyme was supplemented. These results are significantly higher (p<0.05) in the control diet compared consistent with Biswas et al. (1999) and Kidd et al. to the enzyme supplemented groups and there was a (2001) who found that carcass yields and internal significant difference (p<0.05) between the lower (T250) organs were not affected due to enzyme addition but in and higher enzyme concentration (T500 and T750) contrast to Café et al. (2002) who reported that birds fed consequently results for the other different analysis the diet supplemented with enzyme had significantly based on DM were affected. Ash percent was significant higher proportion of abdominal fat. Yamamoto et al. (p<0.05) between the control group and the (T250 and (2007) stated that higher levels of the Tomoko Koji-feed T750) indicating more minerals content in the carcass had no effect on carcass yields and breast muscle which is directly related to the use of minerals in the diet weights because of the high amount of enzymes (Olukosi et al., 2008) . In regard to CP and EE% for the (especially protease) and unknown factor which might breast portion, no significant difference was noted have negative effect on the bird's performance.
between the control and the enzyme added groups. The
Meat quality parameters: Dietary enzyme had no effect ash and CP percent between the control group and the on the different meat quality traits such as pH, cooking enzyme added groups. Crude protein was decreased loss, water holding capacity, shear force and the significantly (p<0.05) with the higher enzyme different color parameters (Table 5 ). Enzymes addition concentration by an average of 0.43 point comparing the did not affect the different meat quality parameters which control group with the higher concentration of enzyme are related to each other, such as the pH value and color supplemented groups, this applies also to the ash% which are manly affected by the haem concentration and which decreased significantly with higher enzyme cooking loss (Werner et al., 2009) . Chemical analysis of concentration. A significant reduction in protein and ash the breast and thighs which shows the percent of Dry concentration in the carcass of broilers receiving the Matter (DM), ash, Crude Protein (CP) and Ether Extract higher concentration of enzyme supplementation is thigh part showed significant difference (p<0.05) in DM, Diets: Con, control, T250: Tomoko enzyme at a rate of 250 g/tonne, T500: Tomoko enzyme at 500 g/tonne, 2 T750: Tomoko enzyme at 750 g/tonne consistent with work reported by Olukosi et al. (2008) .
and soybean by the poultry industry. This may continue Comparing the CP% of breast and thighs, it is higher in well into the future since enzymatic supplementation can the breast part over the thigh with an average of 3.78 reduce environmental problems and improve welfare of point for the control groups and 4.10 points for the birds. supplemented groups. This is mainly related to growth rate and fat % which is inversely correlated with the protein % which did not give significant effect. These results are consistent with previous data (Kirk and Sawyer, 1991) and the presented data and its variation for broilers are "within the normal range" (Werner et al., 2009) .
Conclusion:
The current study failed to demonstrate improvements of the mixture of enzymes which were oriented to corn-soybean meal feeds and was not effective in improving the performance of birds. It is possible that many of the adverse or poor responses are due to a lack of understanding of enzyme effect leading to the creation of nutrient imbalances and overlap of reactions than to a true failure of the enzyme. Responses to enzymes vary widely and are difficult to predict since enzyme action may be affected by many factors, including environment, amount of enzyme in the reaction, and interactions between enzyme and other substances, which are still not fully understood. Yet, despite the results that were obtained, there are still challenges for the use of exogenous enzymes t o improve nutrient utilization even on diets based on corn
